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Abstract— Serious games have proven several advantages 
when used in education improving students learning. However, 
games are still complex to deploy in the class for average 
teachers. Many teachers still do not see games as a powerful 
tool to improve their teaching work. To this end, it is essential 
to humanize the game technology making the use of games 
more transparent to teachers in a way that they get the benefits 
and avoid most of the game deployment complexity. We 
consider that Game Learning Analytics is one of the keys to 
help teachers in the application of serious games in the 
classrooms. Game Learning Analytics allows to capture data 
from students' interactions with games and derive information 
that simplify teachers’ tasks. Doing it in a transparent way 
within the game environment (i.e. stealth assessment) can 
provide evidence-based data about the learners’ knowledge at 
each point of time. Combining both game learning analytics in 
near real-time and offline, and stealth assessment for games, it 
could be possible to leverage their use in classroom settings at 
real-time making their use easier for teachers. 
Keywords—serious games, learning analytics, game-based 
learning, educational data mining, stealth assessment 
I. INTRODUCTION 
The immersive and engaging nature of games has proven 
to be a promising and effective environment for learning [1]. 
These characteristics have increased the interest regarding 
serious games, that is, games which main purpose is other 
than entertainment [2]. Their main purpose may be learning, 
but also to raise awareness or change an attitude or behavior 
[3]. Many serious games have been developed in different 
areas (e.g. education, military), where they have proven to be 
an effective learning material [4], however few of them have 
gone through a formal validation process to prove that these 
games meet their intended goals (e.g. teach some topic, 
improve some skill) [5]. Moreover, most of the serious 
games were developed in controlled environments and are 
difficult to scale up and deploy in real scenarios by non-
specialist staff. A common scenario of application of serious 
games is in education, where games are used as an additional 
resource for educators who provide the game to students who 
play the game in class.  
However, when it comes to actually apply serious games 
in educational settings, educators may face several issues 
(not only technological ones) that difficult their work: 
• Specific technology or platform requirements: some 
games require a specific platform like Android or 
Windows and/or specific hardware components like 
special controllers. Not all schools are able to provide 
the specific technology requirements to apply the 
game successfully. 
• Gameplay average duration: it is important to note 
whether the game is designed to be used in a short 
session of one or two hours or whether the opposite 
is intended to be played for several sessions 
throughout the course. If it is too long that may not 
fit in a single average class session and it will be 
necessary that the design of the game facilitates the 
dynamics to follow between different sessions. 
• Adaptation for users with disabilities or special needs: 
for instance, if the game is geolocalized and the 
educator has students with motor disabilities, 
educators may not be able to apply the game. 
• Number of devices: the number of devices where 
students play can be limited and the game may not be 
effective for players to play in a group. 
Even if the game meets all the requirements for its 
application in the classroom, educators may not find its 
application that obvious. As educators, they may not be 
familiar with the technology used in the game and may not 
feel confident with the actual games’ deployment. Training 
for teachers may also be required so they are provided with 
some tools to help them when applying the game and some 
guidelines on what educators and students need to do while 
the game is in play. Moreover, it can be difficult for 
educators to actually know what their students are doing 
while playing, whether they are actually learning or not, or 
how to adequately apply games in classes for they to be more 
effective.  
To avoid these issues, it is key that developers and 
researchers keep in mind educators’ needs and try to make 
games more “human” in terms of transparency and equity. 
Specifically, this means that games need to be both more 
transparent and reliable, so that educators do not need to be 
experts neither in games nor in technology for effectively 
using them. Regarding transparency, educators should be 
aware of what students are doing in the game at any moment 
and obtain information on whether they are learning or not. 
Reliability can be ensured if the game indeed meets their 
intended teaching goals, so educators can be sure that letting 
students play in class is an adequate learning activity. 
To provide information that helps educators, interaction 
data can be collected from students’ gameplays to provide a 
great insight into students’ actions in the game. Learning 
Analytics data from games (i.e. Game Learning Analytics 
data) can be collected and analyzed to evaluate, validate and 
 Fig.  1. Teachers’ full process with serious games: From game validation, application in class, obtaining real-time information and evaluating students. 
improve the games, but also to help educators avoid some of 
the previously mentioned issues. The application of Game 
Learning Analytics should not reduce educators’ roles but 
change it as the learning activity also changes [6]. When 
collecting interaction data, equity also needs to be ensured. If 
developers or researchers are collecting data to improve the 
game design or deployment, also all the final stakeholders 
involved in the process, mainly educators and students, have 
to obtain a clear benefit of the use of this technology. 
Therefore, students should obtain a better and more authentic 
learning experience while teachers should keep control of 
their students obtaining real-time information about how they 
are playing the game and even data that can contribute to the 
final student evaluation. For students, equity can also be 
ensured if educational opportunities are provided according 
to students’ level of need and ability [7]. 
Although the use of games in schools has proven to 
greatly benefit students, this does not mean that they are the 
only stakeholder to be taken into account. To promote the 
actual use of games in education, we consider that the full 
process should also consider educators as an essential part 
for those educational games that are going to be used in 
class, as they control and are the key stakeholder that applies 
games in their classes. Whether educators fully understand 
and know how to effectively apply games or not can greatly 
affect or even prevent the actual application of games with 
students. Therefore, we consider that educators should be 
key in the full lifecycle of those serious games designed to be 
used in class: from the initial game validation, applying 
games in classes obtaining information at real-time about 
their progress and results, and automatically evaluating 
students based on their in-game actions. Teachers’ role needs 
to be pedagogically active at all stages: planning the session, 
during the gameplays and after the sessions [8]. 
Fig. 1 summarizes this full process where educators or 
teachers are placed in the center of the process and should be 
involved in all stages. Technology should simplify and not 
difficult their work: from games validation, applying games 
in class where data is being collected in an Analytics System, 
obtaining real-time information to know what students are 
doing while they play, and finally, being able to evaluate 
students based on their in-game actions. 
In the following sections, we go through all the steps of 
the lifecycle of those serious games designed to be used in 
class focusing on educators’ tasks and how game learning 
analytics data can simplify their use of this technology in 
classes. The rest of this paper is structured as follows. 
Section 2 describes some of the considerations and steps to 
formally validate serious games. Section 3 focuses on the 
application of games in actual classes, including what 
educators need to do before to prepare the activity, what 
information they can obtain while games are in play, and 
what they need to do after the gameplays are over. Section 4 
proposes an additional use in which learning analytics data 
can be used to help educators evaluate students based on 
their in-game interactions. Finally, Section 5 summarizes the 
main conclusions of our work and points out some 
limitations. 
II. SERIOUS GAMES FORMAL VALIDATION 
To ensure games meet their intended goals, the first step 
is that they go through a formal validation stage. The most 
widely accepted and commonly used method to validate 
serious games is to conduct a pre-post experiment consisting 
of three phases: first, students complete a questionnaire 
before playing (pre-test), then students play the game from 
beginning to end, and finally, after finishing the gameplay, 
they complete a final questionnaire (post-test) [9]. Both pre-
test and post-test usually have the same (sub)set of questions. 
The goal is that this questionnaire assesses players’ 
characteristics before and after playing about the topics 
covered in the game (the specific characteristic depends of 
the serious game purpose including, for instance, knowledge, 
attitude or awareness). Results of both tests are then 
compared to see if the increase in the specific player’s 
characteristics is statistically significant. If that is the case, as 
between both measures the only intervention is the game, it 
can be concluded that the increase in that characteristic is 
due to the game effect, and therefore the game is formally 
validated. There are plenty of examples in literature that use 
this approach to validate serious games including, for 
instance: a game for children with autism to learn emotions 
[10], a game for patients to manage pain after surgery [11] or 
a game to raise awareness about bullying and cyberbullying 
[12]. 
In this validation stage, if we consider the case of a 
learning game designed to be used in class, the 
questionnaires provide a measure of how much students 
know about the topic before and after playing the game. In 
order to meet the equity and improve the validation process, 
researchers should provide the results to the teachers and 
how to assess the effectiveness of the game. The pre-test can 
provide educators a measure of how much students know 
about the topic before playing the game, or even it can be 
used as an assessment questionnaire to measure their 
knowledge of the topic. After playing, the post-test can show 
educators the effect of the game application and how much 
students know after playing (and, if the game is effective, 
also how much students have learned playing). The 
validation itself can easily be carried out during a class 
session where educators provide students the tests before and 
after playing the game and collect their results. 
The validation process described, however, assumes that 
an accepted questionnaire that measures the specific 
characteristic (e.g. knowledge) covered in the game exists. 
But this assumption may easily not be satisfied, as few 
validated questionnaires already exist or have been 
constructed for serious games [13]. If there is no accepted 
questionnaire to validate the game, the complexity of the 
process escalates as, first of all, the validation questionnaire 
itself has to be developed and also validated. Once the game 
has been formally validated, it can actually be applied in 
larger classes as it is already proved that it is effective. 
Learning analytics is also useful in this process, where 
collecting data from users can help to improve and validate 
the game design; for instance, to find bugs in the game, 
highlight features to improve and check if the game time and 
interactions are in line with the developer expectations. 
III. GAMES APPLICATION IN CLASS 
After their formal validation, the main scenario where 
games are applied is during a class session with at least one 
educator supervising the activity. Another possibility is that 
games are used for homework or as an additional optional 
activity to be carried out at home. However, this scenario 
would limit educators’ involvement in the activity as they 
could only comment the activity with students in class a 
while before and after playing and they would not be able to 
interact with students while they are actually playing. This 
scenario also restricts the usefulness of the activity for 
educators at real-time as they cannot obtain information 
while students are actually learning (that is, while they are 
playing). Instead, if the game is played with internet 
connection and sending data to the analytics system, 
educators could receive information after gameplays have 
been completed. This information may include whether 
students have learned or not, if they have encountered issues 
playing or even assess students based on their in-game 
actions. As these previous scenarios avoid the possibility of 
educators’ intervention, we focus on the common scenario of 
applying games in classes with at least one educator 
supervising the activity. 
When applying games in classes, it is essential that 
educators fully understand the content and the mechanics of 
the game that they are applying. As a starting point, it would 
be ideal that educators have played the game before applying 
it with their students. Some educators may not consider it 
that useful as they are commonly not part of the intended 
target group of the game, however, actually playing the game 
can provide educators a great deal of information about what 
their students will face when they are the ones playing. 
Although we consider that playing the game is essential, only 
by playing educators may not have all the information about 
the purpose of each part of the game, the design decisions, 
etc. To complement the experience of playing the game as 
their students will do, a game manual for educators is 
extremely convenient so they can have all the information of 
the game to simplify its application in class. The manual for 
educators could include, among others: downloading (if 
needed) and installing instructions of the game; requirements 
for its application; goals the game aims to achieve; details 
about the game content (e.g. levels or days in-game, quests 
or tasks to complete, mini-games included, characters that 
appear, and even solutions or hints to solve game’s 
challenges); purpose of each part of the game; additional 
information about the context of the topic the game is about 
(this can be used to raise a discussion with students after 
playing or to provide further information to complement and 
complete the content of the game); instructions for students; 
a list of frequently asked questions when applying the game, 
and so on. Some examples from literature where a manual 
has been provided to educators when applying games in class 
to support their tasks include [14] or [15]. 
Once educators are actually familiar with the game 
content and mechanics, a first step to make educators’ task of 
applying games simpler has been achieved. Building up from 
this knowledge, it will now be much easier for educators to 
apply the game in their classes, helping students that need it 
and being aware of what students are actually facing in the 
game. But an additional step is required for educators to 
maintain control of what is happening in their classes when 
applying games. As students typically play individually, each 
student goes through different situations at each point of 
time, so it would be difficult for educators to be able to even 
know what each student is doing at a given moment. This 
can greatly undermine educators’ trust in applying games in 
classes as they may feel that they do not longer control what 
students are doing. To avoid this perception, it is essential 
that educators obtain a complete-enough range of 
information while students are playing. 
A. Real-time information for educators 
A further step to simplify educators’ task when applying 
games in schools is to ensure that they do not lose control of 
their students while they are playing. An easy way to give 
educators information about what students are doing in their 
gameplays is with some type of visual analytics that 
aggregates all the game learning analytics data coming from 
each student’s gameplay. This visual information can be 
 Fig.  2. Sample dashboard to show information for teachers while games are in play. 
shaped as a dashboard, where multiple visualizations are 
combined to provide an overview of the class. It may also be 
helpful if this dashboard can be filtered by student so 
educators can also see the information about specific 
students or obtain more in-depth information about 
individuals, if needed. The dashboard should collect data 
from students’ interactions with the game and show the 
information derived from that data at near real-time so 
educators can see the current situation of their students. The 
information shown may include: in which part of the game 
students are at each moment, chosen paths, progress, actions 
in the game, responses, scores, times, completion, etc. For 
instance, Fig. 2 shows an example dashboard for teachers 
including (from left to right, top to bottom): total number of 
active players, to verify that all students are playing; 
percentage of players who have reached each game ending, 
to know if all have reached the most desirable ending or not, 
which may depend on their in-game actions; number of 
players who have gone through each game-day, to know the 
general progress of the class in terms of game levels or days 
completed; number of scenes completed for each player, to 
know the specific progress of each student; and the value of 
one in-game metric (e.g. level of friendship with an in-game 
character) for each student, which may provide deeper 
insight into in-game actions taken. 
An additional visual element that may help educators 
while games are in play is alert and warning messages [16]. 
These messages can be configured prior to the application of 
games (or be pre-configured by the game development team) 
so the conditions under which each specific alert or warning 
will be triggered are defined. When these conditions are met, 
the alert or warning message will be shown to the educator, 
together with the identifier of the student whose gameplay 
data has satisfied those conditions. With these defined 
messages, educators can be notified at near real-time when 
specific situations that may require their immediate attention 
occur. This system can be used so educators are able both to 
help students that encounter issues in their gameplays and 
cannot move forward, and also to provide additional tasks to 
students that advance too fast and may finish the game 
earlier than expected. This method also improves equity as 
all students, regardless of their particular speed or ability to 
complete the game, can take advantage of the activity 
without wasting time getting stuck in the game or finishing it 
too early. 
The previous process requires a fundamental point: the 
interactions carried out by students in the game need to be 
collected following some standard data format that can be 
used to define and populate the visualizations. In our 
proposal, we use the Experience API for Serious Games 
(xAPI-SG) profile [17] that standardizes the data collection 
for interactions performed in serious games. Following the 
definitions of this profile, it is recommended to provide a set 
of default teacher visualizations that covers the most 
common scenarios without any required additional 
information or configuration from teachers [18]. 
B. Post-game activities 
When applying games in classes, it is also highly 
recommended there is some time left after the gameplays for 
educators. Hence, after students have completed their 
gameplays, educators can have a post-intervention activity 
prepared in advance. Each game may have a related activity 
associated with it, depending on the goal of the game. It is 
important that games provide the necessary tools so that 
educators can take advantage of them and relate them to the 
curricular content of the game: 
• The post-game activity may be a simple discussion or 
debriefing about the common experience they have 
just gone through, so the game is the tool that triggers 
that discussion. This class discussion after playing 
games is key to promote reflection [19] in an open 
climate where students can share their experiences 
and feelings playing the game. 
• Educators can use this time after the activity to help 
 Fig.  3.  Teachers’ activities before, during and after using games in classes. 
 
students link the game content to that of the real 
world and include additional information that 
complements the gameplay. For instance, if the 
purpose of the game is increase knowledge, educators 
may provide additional information required in the 
curricula and not covered in the game or review the 
key take-home pieces of information. In the case of 
games to change attitude or increase awareness, the 
postgame discussion can be used to go through the 
topics covered in the game, extract conclusions and 
compare the situations depicted in the game to those 
students were familiar with. 
• A final option is to provide players with some 
exercises where they can apply the content they have 
learned with the game. These exercises may be 
written (e.g. tests, or even homework) or oral (e.g. 
role playing), and may even be used for assessment 
purposes. 
As mentioned before, some ideas for this post-game 
activity may also be included in the educators’ manual. For 
instance, in [20] teachers reviewed the key concepts of the 
game after the activity to ground learning and connect the 
game content with the curricula. 
Fig. 3 summarizes educators’ activities before, during 
and after the application of game in classes. Before, reading 
the educators’ guide and playing the game; during the 
application, following students’ in-game actions and progress 
with visual information, alerts and warnings; after 
gameplays, guiding the discussion and helping students 
relate the content of the game with the curricula. 
IV. STUDENTS EVALUATION BASED ON  
IN-GAME INTERACTIONS 
A final step to simplify educators’ tasks when applying 
games in education is that they are able to formally and 
automatically evaluate their students based on their actions 
playing the game. A commonly used method for students’ 
evaluation follows the structure of that used when validating 
the game itself: players’ knowledge is measured before and 
after playing with the pre-post questionnaires and the 
difference between the results in those tests shows how much 
students have learned playing. If the result obtained in the 
post-test is better than the one obtained in the pre-test, we 
can infer that students have learned something while playing 
the game. Although this is an effective method to evaluate 
learning, we consider that it is not that efficient. Players have 
to complete two times the same questionnaire (as the pre-test 
and post-test contains the same set of questions to be able to 
compare them) in addition to playing the game, that is what 
students would most probably be willing to do. This method 
also restricts the time left to play the game as well as the time 
left after students have finished playing for educators to 
either discuss the game content or to provide additional 
information about the topic if needed. Also, the 
questionnaires themselves need to be prepared in advance 
which takes time and effort, and also educators need to carry 
out the evaluation itself going through all the results in both 
pre-tests and post-tests to actually assess students. 
For all these reasons, we consider that this pre-post 
method can be improved by taking advantage of the power of 
learning analytics data collected from in-game interactions. 
Following some of the aspects of the work done on stealth 
assessment [21], our proposal is to predict students’ 
knowledge after playing (as usually measured by the post-
test) based on the actions players carry out in the game. To 
do this, the first step is to create the prediction models that 
take as input the interaction data and output as result the 
knowledge predictions. The game validation step provides a 
great opportunity to create models that can accurately predict 
post-test results based on data from players’ interactions in 
the game. In this step, we actually have the results from the 
questionnaires, so we can train the algorithms and evaluate 
their performance against the actual data (for instance, 
applying cross validation, all data collected can be used both 
to train and test the prediction models). 
Once we have developed accurate enough models and 
selected the most promising one, we can use it as the 
assessment method for students who play the already-
validated game. In this case, the model created will again 
take as input the information from students’ interactions in 
the game and predict students’ knowledge after playing the 
game based on these interactions. This method avoids the 
need to further carry out the post-test: students complete the 
pre-test (if needed), then play the game and, after their 
gameplays are finished, they will automatically be given a 
score that represents their knowledge after playing. The 
obtained score will be the result of the prediction model 
applied to the input data received from the student’s 
gameplay. It may also be required that the pre-test is 
included as input for the prediction model, so we can 
measure how much knowledge is learned based on the 
previous knowledge students have (provided by the pre-test). 
Ideally, we would like to avoid the pre-test as well, so 
prediction models could predict the post-test score only 
based on interaction data. In this case, the time to play the 
game and the time left for the educator could be even further 
extended as neither the pre-test nor the post-test will need to 
be carried out. 
As in the case of obtaining real-time information while 
games are applied in classes, the described approach with 
prediction models is based on the key fact that all collected 
data from students’ interactions must follow a standard data 
format. This standard data format is used as the format for 
the inputs received in the prediction models. Again, in our 
proposal, we use the accepted standard xAPI-SG profile to 
capture interactions from the serious games. As long as game 
interactions captured follow this standard, we consider that 
our approach could be more generalizable than the approach 
of stealth assessments, as once the prediction models are 
created at the validation stage, no further game-specific 
features are required to be able to evaluate students 
V. CONCLUSIONS 
The presence of games in education can still be greatly 
enhanced and extended. Educators are key to promote the 
application of games in actual educational settings. However, 
it cannot be expected that educators are experts in the use of 
technology, so games need to be both transparent and 
reliable, and provide the necessary tools to simplify 
educators’ task. First of all, games need to be formally 
validated with an accepted method. A common accepted 
validation is with pre-post experiments, as long as a valid 
questionnaire exists that measures the characteristics the 
game aims to promote. After the game to be used has been 
formally validated, educators need to fully understand the 
content and the mechanics to be able to effectively use it in 
their classes. Playing the game before their students and 
going through the game manual can help educators to have 
enough information about the game to effectively apply it in 
classes. When students are immersed in their individual 
gameplays, visual information can help educators to keep 
control of their progress and actions. Alerts or warnings can 
also be used to make educators aware of specific situations 
that may require their intervention. Finally, analysis of 
learning analytics data from in-game interactions can provide 
educators a means of assessing students without an external 
measurement but based on what they actually do in the 
game. Prediction models developed at the game validation 
stage can automatically provide an evaluation of students’ 
knowledge after playing the game based on their interaction 
data. 
However, this full process has some limitations and 
requirements that need to be considered. The application of 
learning analytics with serious games is still fragile as they 
are still too many sources of possible errors. First of all, the 
deployment of games in schools may deal with technology 
failures as not all schools have the same materials. The data 
collection process can also fail if interaction data tracking is 
done to an analytics system that relies on the schools’ 
internet connection. The analytics system also needs to be 
reliable and be ready to handle the data collected, both in 
size and format. All these technologies issues make that the 
application of games in schools still requires some technical 
support and may restrict the application by educators on their 
own. Another restriction that needs to be taken into account 
when collecting data, and that is even more important if data 
is from minors as it may frequently happen with serious 
games, is privacy and security. The data collected cannot 
contain any personal details about students, so the interaction 
data cannot be related to specific students. To ensure this, the 
analytics system should not retain the details about the 
students and all the data collected should be anonymized. To 
meet this requirement and ensure that information collected 
is still useful for educators, anonymous tokens can be given 
to students to use them as identifiers in the game and 
educators can keep the correspondence between tokens and 
students. 
With all the steps described, we consider that educators’ 
tasks when using games in education can be greatly 
simplified at all stages: from the initial games validation, 
actually applying games in classed in an effective and 
controlled way, and being able to assess students 
automatically based on their in-game actions. For all these 
steps, we consider that learning analytics data extracted from 
serious games is key to provide insight into students’ actions 
when playing and simplify educators’ application of games 
in class. 
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